e concept of developmental origins of health and disease is predicated upon the assumption that environmental factors acting early in life (usually in fetal life) have profound effects on vulnerability to disease later in life, often in adulthood.
e range of experimental, clinical and epidemiological data linking conditions in early life to later health is now overwhelming [1] . Initially, the focus was on a small fraction of children -those who were born small -but it is now clear that the environment impacts on the development of every child [2] . Observations and experimental approaches have generally considered nutritional changes or, classically, alterations in glucocorticosteroid exposure, reflecting the critical maturational events linked to such events. Indeed, the placenta is in a critical position to cause or modify such challenges by altering nutritional transport functions or the pattern and nature of endocrine signals impacting the fetus. Nor does the story end at birth, because epigenetic development can be influenced by how the infant is fed, and perhaps how its gut is colonized with commensal bacteria.
Yet there has been considerable resistance to these ideas. Medicine is replete with reductionist biomedical thinking and this has, in some ways, limited not only our understanding but also our ability to address the challenge of some contemporary health problems. Nowhere is this clearer than in the outcomes of genomewide association studies where, despite substantial invest ment, only a relatively small proportion of risk of common non-communicable diseases (NCDs) -such as cardiovascular disease and diabetes -is explained [3] . e economic and humanitarian costs of NCDs are enormous in both the developed and the developing world, and indeed they may destabilize the economies of lowincome countries where recent data show that risk markers for these diseases become evident early in the process of socioeconomic improvement, and well below the level of affluence associated with their appearance in developed societies. From research laboratory to public health department, the focus on the processes that influence risk of NCD has been largely on genetic or adult lifestyle factors, to the exclusion of a third, critical component, namely development. We now recognize that incorporating an understanding of developmental plasticity and intergenerational influences, operating directly or indirectly through epigenetic mechanisms and potentially over more than one generation, is essential to understanding variation in the individual risk of NCD, for example, in an obesogenic environment [4] .
Epigenetic processes provide a biological mechanism to explain how environmental influences can affect the pheno typic variation of a generation, or several generations, including their susceptibility to NCDs [4] . ese epigenetic processes were formerly thought to be primarily involved in gene dosage regulation via parental imprinting and X chromosome inactivation, and in regulating cell lineage differentiation. But environmental influences during development, such as maternal diet or endocrine status, can affect offspring phenotype via epigenetic effects on a range of non-imprinted genes, for Abstract Despite a wealth of underpinning experimental support, there has been considerable resistance to the concept that environmental factors acting early in life (usually in fetal life) have profound e ects on vulnerability to disease later in life, often in adulthood. This has resulted in an unwillingness among public health decision makers to implement relatively simple approaches, based upon an understanding of developmental plasticity and intergenerational in uences, to reducing the burden of disease particularly in low socioeconomic groups. example, the glucocorticoid receptor [5] and nuclear receptors such as the peroxisome proliferatoractivated receptors [6] . These processes can operate from before conception into early postnatal life and can affect neuroendocrine and endocrine function, fat and muscle development, and metabolic control processes such as mitochondrial function [4] . Phenotypic outcomes with longterm consequences thus involve the interplay between genetic, develop mental and environmental influences. It is impossible to pull them apart. In contrast to the fatalism of a deterministic view, this new synthesis gives room for optimism. The epigenetic state has been shown to be reversible, with persistent effects from transient inter ventions during a critical developmental window in animal models [6, 7] suggesting the potential for early intervention. In cancer biology, epigenetic biomarkers and drug targeting are burgeoning fields but, as yet, little attention has been given to the potential for epigenetic measurements in earlylife interventions to reduce the incidence of NCDs. The ways adults interact with the environment, food preference, appetite control, mood and exercise capacity, for example, have been shown experimentally to be influenced by development [2, 6] . Perhaps then the efficacy of the very interventions that form the mainstay of metabolic and cardiovascular disease prevention in adults is affected by earlylife exposures.
If we adopt a developmental perspective, the question arises what new initiatives might be taken? In adolescent pregnancies the conflict between allocation of nutrients to the woman or to her fetus is usually resolved in favor of the mother. This makes evolutionary sense but the epigenetically induced constraint puts the offspring at greater risk of later disease [2] . Thus, educational and social initiatives aimed at delaying the age of first pregnancy until four years after menarche, to allow maternal somatic and particularly pelvic growth to be completed, would not only empower women in controlling their lives but also promote the health of the next generation. The cultural and political issues preventing implementation of such a strategy need to be confronted.
Similar considerations apply to maternal diet and body composition at conception. Animal studies demonstrate longterm effects of both excessive and deficient nutrition in this period on the offspring, and human data reveal effects on birth outcomes. Studies in the UK show that many women do not eat prudently around conception [8] , and only a minority of women becoming pregnant, whether planned or not, adhere to guidelines about a healthy diet and lifestyle [9] . Moreover, gestational obesity and diabetes, themselves with developmental origins, both leave lasting effects on the offspring of the next generation, and so the cycle of risk is perpetuated.
Education and other ways to address these problems need to be explored. Nutrition and workload in preg nancy need greater attention, and not only in the developing world. In Japan, birth weight has been falling in recent years and this is attributed to inadequate weight gain in pregnancy, sometimes following illconceived medical advice. Smoking, drug and alcohol abuse, HIV AIDS and malaria still complicate far too many pregnancies. Human development is far from complete at birth, and recent data confirm the importance of exclusive breastfeeding for up to four to six months in promoting optimal growth, resistance to infection, cardiovascular health and neurocognitive development. Yet breastfeeding rates are low even in developed countries such as the UK, and the number of women reaching the goal is far too low support and encourage ment for them are needed urgently.
None of these solutions seems sophisticated, although it may have taken the recent insights into underlying developmental epigenetic mechanisms to emphasize them. But, when viewed in terms of their potential impact, especially in developing societies and in lower socioeconomic groups in developed countries, it is clear that their importance has been underestimated. Public health decision makers should reflect on this and consider possible actions [10] . We fear that eradicating the inflexibility of past biomedical concepts about development, in favor of a softer integrative synthesis, will be seen as too difficult we may continue to find it easier to think deterministically about chronic disease and then to be surprised when, perhaps because they are made too late, interventions turn out to be relatively ineffective. Adopting a developmental perspective may not influence our approach to minimizing risk of NCDs in today's adults. But surely, when we see potential risk from that angle, we should resolve to use our develop mental perspective to devise interventions in time to help the next generation.
